This letter reports on unique room temperature organic magnetoresistance (OMAR) in the disordered polyaniline/silicon polymer nanocomposites in the variable range hopping regime. A transition from positive to negative OMAR was observed around 5.5 T. The theoretical analysis revealed that both wave-function shrinkage model and forward interference model contributed to the positive OMAR and only forward interference model was responsible for the observed negative OMAR. The obtained positive OMAR is well explained by the introduced localization length a 0 , density of states at the Fermi level (N(E F )), and average hopping length R hop ; and the negative OMAR is interpreted by the quantum interference effect. The intrinsic magnetoresistance (MR) (defined as
The intrinsic magnetoresistance (MR) (defined as MR ¼ (R(H) À R(0))/R(0), where R(0) is the resistance without magnetic field, R(H) is the resistance under the magnetic field H.) observed in an organic semiconductors (OSCs) when a small magnetic field is applied is called organic magnetoresistance (OMAR). 1 This OMAR effect has gained broad interests over the last decade 2, 3 due to its potential as the promising spintronic materials and its weak spin-orbit coupling and hyperfine interaction of the carbon element. 3, 4 Meanwhile, Mukherjee and Menon 5 have investigated the MR in the doped organic polymer polyaniline (PANI) under high magnetic field, which gives a broader context regarding the OMAR effect. Understanding the mechanisms of OMAR can help the structure design of the organic spintronic devices and develop the future applications. 6 Recently, both positive and negative OMAR have been reported in the OSCs, exhibiting a transition between negative and positive depending on temperature, voltage, and magnetic field. 7 The investigation on the OMAR sign change is important for understanding the origin of OMAR. 6 Jaiswal et al. 8 have reported that the MR in the optically transparent single-wall carbon nanotube (SWNT) networks involved the interaction of the forward interference process and shrinkage of electronic wave-function, which lead to the negative MR and positive MR, respectively. Generally, for highly disorderedly localized systems in the variable-range hopping (VRH) regime, both forward interference model and wave-function shrinkage model have been used to describe the observed MR effects (refer to supporting materials, SI). 9, 13 The forward interference model can be written as 10 
MR ¼
RðH; TÞ À Rð0; TÞ Rð0; TÞ % ÀC sat ½H=H sat
where the fitting parameter C sat is the saturation constant, which represents that the MR value at the effective saturation magnetic field H sat , h is Planck's constant, e is electron charge, T 0 is the Mott characteristic temperature, and a 0 is the localization length of the localized wave function of charge carriers. The wave-function shrinkage model can be described as 11 MR ¼ RðH; TÞ À Rð0; TÞ Rð0; TÞ
These two theoretical models are often combined together to explain the MR transition from negative to positive or positive to negative, as expressed
In the forward interference model, the effect of interference among various hopping paths is concerned. 11 Meanwhile, in the wave-function shrinkage model, the contraction of the electronic wave function at impurity centers in the magnetic a) field leads to a reduction in the hopping length between two sites and causes a positive MR. 11 Although Bloom et al. 6 have used bipolaron model to separate the positive and negative MR contributions in the tris-(8 hydroxyquinolinato) aluminum (Alq 3 , C 27 H 18 N 3 O 3 Al) system by assuming that the total MR is a superposition of the positive and negative MR effects using the empirical law of non-Lorentzian line shape, the separation of positive and negative MR in the conductive polymer systems using forward interference model and wave-function shrinkage model has not been reported so far.
In this letter, we report on the separation of room temperature positive and negative MR in disordered conductive polymer nanocomposites (PNCs) consisting of silicon (10 wt. %)/PANI in the VRH regime by forward interference model and wave-function shrinkage model. The detailed information about the preparation of silicon/PANI PNCs using a surface initiated polymerization (SIP) method is provided in the supporting information, SI. 13 The resistivity (q) was measured by a standard four-probe method from 100 to 290 K. The sample was prepared by pressing silicon/PANI PNC powders into disc pellet form with a diameter of 25 mm by applying a pressure of 50 MPa in a hydraulic presser and the average thickness was about 1.0 mm. The temperature dependent resistivity was used to determine the electrical conduction mechanism in the silicon/PANI PNCs. The same sample was used for MR measurements, which were carried out using a standard four-probe technique by a 9-T Physical Properties Measurement System (PPMS) by Quantum Design at room temperature. The four probes were 0.002 in. diameter platinum wires, which were attached by silver paste to the sample. And the magnetic field was applied perpendicular to the sample.
The temperature dependent resistivity for the silicon/ PANI PNCs is shown in Fig. 1(a) . The electrical conduction mechanism is illustrated via the obtained temperature dependent resistivity using Mott VRH approach, which describes the low temperature resistivity in the strongly disordered systems at the localized states and is expressed as
where the constant r 0 stands for the conductivity at infinite low temperature, T (K) is the Kelvin temperature, and
where a 0 is the localization length, k B is Boltzmann constant, and N(E F ) is the density of states at the Fermi level. From Eq. (5), the T 0 is noticed to be inversely proportional to the a 0
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, which indicates that the higher T 0 , the stronger charge carriers scattering and the higher resistivity. 16 The value n is the dimension of the system and n ¼ 3, 2, and 1 stands for 3-, 2-, and 1-dimensional systems, respectively. 17 The r 0 and T 0 could be obtained from the intercept and slope of the linear fitting lnðrÞ $ T À1=ðnþ1Þ . The best linear fits of lnðrÞ $ T À1=ðnþ1Þ for the silicon/PANI PNCs obtained from Fig. 1(a) is shown in Fig. 1(b) with n ¼ 3 in the temperature range of 100-290 K, indicating that the synthesized PNCs obey a quasi 3-d VRH electrical conduction mechanism. The calculated r 0 and T 0 are 2.70 Â 10 5 S cm À1 and 2.67 Â 10 7 K, respectively.
The room temperature MR result for the synthesized PNCs calculated from MR ¼ (R(H) À R(0))/R(0) is shown in Fig. 2(a) . A MR value transition from positive to negative is observed at around 5.5 T in the PNCs. As aforementioned, these disordered silicon/PANI PNCs follow a quasi 3-d VRH mechanism and thus Eq. (3) is proper to formulate this MR transition with the assistance of POLYMATH software. Both the forward interference model and the wave-function shrinkage model are observed to contribute to the positive MR part, and the fitting graph is shown in Fig. 2(b) with a fitting correlation coefficient R 2 of 0.9998144. The obtained fitting parameter C sat is 2.345 Â 10 À4 and thus the measured positive room temperature MR in these PNCs can be expressed as
Meanwhile, it is worthy to mention that only the forward interference model contributes to the negative MR part and the fitting correlation coefficient R 2 is 0.9999959. The obtained fitting graph is displayed in Fig. 2(c) and the measured negative room temperature MR in these PNCs can be described as 
The calculated localization length a 0 through fitting with POLYMATH software is listed in Table I . The a 0 value decreases with increasing magnetic field at the positive MR part (H < 5.5 T), which corresponds to the wave-function shrinkage. After the MR switches from positive to negative, the a 0 increases dramatically with increasing magnetic field, indicating that the wave function shrinkage effect does not exist at all.
Only the forward interference model can explain the observed negative MR. From the obtained fitting results, the MR signal of the disordered silicon/PANI PNCs can be separated into two parts: positive signal and negative signal. The positive signal is depicted in following equation and shown in Fig. 3(a) :
The negative signal can be calculated from the following equation and shown in Fig. 3(b) :
These results indicate that the MR in the disordered silicon/ PANI PNCs system is strongly magnetic field dependent and obeys different models with the change of magnetic field. The density of states at the Fermi level N(E F ) can be calculated from the following equation and the obtained a 0 :
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The corresponding calculated N(E F ) is also listed in Table I . Generally, the hopping probability between the localized states increases with increasing N(E F ), 19 which means the higher the N(E F ), the higher the hopping probability. A higher hopping probability also corresponds to a shorter a 0 . From Table I , a 0 is observed to decrease as magnetic field increase to 5 T, after that a 0 increases with increasing magnetic field. The N(E F ) shows the opposite trend to a 0 , which means that the hopping probability increases with increasing magnetic field (H < 5 T) and then decreases.
The average hopping length, R hop , can be obtained from the following equation:
The calculated R hop (nm) is shown in Table I , which indicates a magnetic field dependent R hop behavior. Normally, the positive MR in the hopping system is due to the charge carrier hopping conduction arising from the contraction of the charge carrier wave function and the subsequent reduced R hop .
14 From the results listed in Table I , the R hop for the positive MR is observed to decrease significantly as the MR reaches the peak and then decreases slightly. The more reduced R hop , the higher MR is obtained. However, for the negative MR, the R hop increases dramatically with increasing magnetic field. In fact, the wave function shrinkage effect is not valid in the negative MR due to the much larger a 0 and R hop ; therefore, the term of quantum interference effect is introduced to explain the negative MR, which is also observed in the bulk samples of single walled carbon nanotubes. 21 The calculated a 0 , N(E F ), and R hop for the silicon/PANI PNCs at different magnetic fields are listed in Table SI . 13 In conclusion, the disordered conductive silicon/PANI PNCs have been demonstrated to follow variable range hopping regime by the temperature dependent resistivity study. The observed switching MR from positive at low magnetic field to negative at high magnetic field has been explained by the forward interference model and wave-function shrinkage model via POLYMATH software. Both models contribute to the positive part in the obtained OMAR signal and only the forward interference model is devoted to the negative part of OMAR effect. The obtained positive MR is well explained by the introduced a 0 , N(E F ), and R hop ; and negative MR is interpreted by the quantum interference effect. 
